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As part of a tramonic reeearch program conducted by the National 
Advisory Canmrittee for  Aeronawbics, a series of wings ie being  inveeti- 
gated i n  the Langley high-speed 7- by IO-foot tunnel over a Mach  number 
range of 0.70 t o  1.13 by u8e of the tmnaonic-bmq technique. 
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? a  
Thle paper present8 lift, drag, pitching-moment, and root-bending- 

moment data of wing8 having aspect ratios of 8, 6, &nd 4, quarter-chord 
l ines swept back 45', and WCA 631AO12 a i r f o i l  eectione parallel to the 
plane of eymmetry. The w i n g s  having aspect ratioe of 6 and 4 were 
obtained by removing portiona of the t i p  of the wing having an  aspect 
ra t io  of 8 and, therefore, the taper ratioe were 0.45, 0.56, and 0.68. 

A l l  three winge, and eepecially the wing having an aspect ratio 
of 8, were characterized a t  low l i f t s  by large reduction6 in liFt-curve 
slope and very large forward movem?mte of the aerodynamfc center in the 
Mach mmber range from about 0.85 t o  about 1.0. However,  above a lift 
coefficient of about 0.U the pitching-monaent characterietice ae a 
function of lkch mmiber were coneiderably better eepecially for  the 
wing having an  aepect  ratio of 4. A l l  three wings  had a rather  gradual 
drag r i e e  start ing in the Mach number range from about 0.90 t o  
about 0.9. 
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A eeriee of vinge and wing-fueelage comibinations l e  being inveeti- 
gated i n  the Langley high-speed 7- by lO-foot tunnel to mt.udy the 
effects of wing geametry on longitudinal  etabllity  characterletice a t  
tlrrnsonic speeds. A Mach  number range of 0.70 to 1.15 wae obtained by 
uee of the tmsonic-bump technique. 

Thie paper preeente the reeulte of an Investigation of force and 
moment characterlstice of wings havlng aepect ratios of 8, 6, and 4, 
quarter-chord 1 1 ~ ~  ewept back 45', and NACA 63+012 a i r fo i l  sectione 
parallel to the plane of spmetry.  The winge having aspect r a t io s  of 6 
and 4 were obtained by removing portione of the t i p  of the wing having 
an aepect ratio of 8 and, therefore, the taper ratioe were 0.45, 0.56, 
and 0.68. 

A l t h o u g h  the Reynolde  numbere of the t ea t s  were extremely low 
(about 570,000) and the epanwiee h c h  number gradient m e .  rather large, 
it 16 f e l t  that. the results will give a t  least a qualitative  indication 
of the difflcultiee that may be anticipated vith relatively thick wings 
In  the transonic speed range. 
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CB be ding-moment coefficient at  plane of eymetry 
r m o t  bending naoment \ 
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¶ effective over span of model, pound8 per 

8 twice w i n g  area of semispan model, square feet  
I 



3 

a 

d 

. 
E mean aerodymmLc chord of wing, feet, based on relationehip 

(using the theoretical   t ip) c2d3j 

A 

C local wing chord, feet  

b twice span of semispan model, feet  

Y spazlwise dietance from plane of -try 

P air density, sluge per cubic fobt 

V free-stream velocity, feet per second 

M effective Wch nuaiber over span of model 

M2 local Mach nmiber 

%3 average local Mach llumber, chordwise 

R Reynolds nuuiber of ving based on E 

X dietance along a i r f o i l  chord, percent chord 

Y airfoil o r d h t e ,  percent chord 

a angle of attack, degreee 

!Che basic mdel'hed 45O of sweepback referred t o  the quarter-chord 
line, an aepect ratio' of 8.0, a taper r a t i o  of 0.45, and an HACA 631A012 
airfoil eection parallel t o  the plane of -try. TIE madqls obtained 
by removing portions of the t i p  of the basic wing had aapect ratios 
of 6.0 and 4.0 with taper ratioe of a p p r o m t e l y  0.56 and 0.68, respec- 
tively. A l l  three W ~ D ~ S  had tips of revolution. DeWle of the modele 
which were constructed  of beryllium copper are presented in figure 1 
and the a i r fo i l  ordinates (obtained from reference 1) are given in 
table I. The end plate shown in flgure 1 vas used t o  minimize lealrege 
effects due t o  the angle-of-attack  cutout. 
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The t e s t s  were conducted in the Langley high-speed 7- by 10-foot 
tunnel, an  adaptation of the HACA vlng-flow tschzlique being used t o  
obtain transonic speeds. The method  ueed Involves the mounting of a 
model in the high-velocity flow f ie ld  generated  over the curved surface 
of a bump located. on the.  tunnel floor.  (see  reference 2).  he madel 
i s  mounted on an electrical  strain-gage  balance  enclosed i n  the bump. 
The lift, drag, pitching moment, and bending manent are measured With 
potenticmetere, A photograBh of the! model mounted o n .  the bump is shown 
as figure 2. . . .  . .  . 

T y p i c a l  contoure of local Wch nunibere i n  the region of the model 
location on the bump, obtained from surveys with no model in poeition, 
a m  shown i n  figure 3. Them ..le a Bhb quuiber gradient whlch reeults 
in differences of 0.06 t o  0.08 over the span of the semispan model of 
aspect ra t io  8 at the low Mwh .nunbra. and of 0.19 t o  0. I1 at the 
highest k c h  numbers. The chordvlse Mach numbe!r gradient I s  generally 
less than 0.01. The longdash lines.ehOM near the ving root represent 
a local Mach number 5 percent below the maximum value and indicate  the 
extent of the bump boundary layer. The effective t e a t  Mach  nuniber was 
obtained f r a m  contour charte similar t o  those  presented in figure 3 
from the relationehip 

The variation of t ea t  Reynolds number TJitPr Mach number is shown In 
figure 4. 

. Force and moment data were obtained through a Eeach nuDiber range 
of 0.70 t o  1.15 and an angle-of-attack range of -2O t o  10' except f o r  
the wtng having an aepect r a t i o  of 4 where the man angle was 6O. 

The enbplate  tare correctione t o  the drag were obtained through 
the t e s t  Ekach  number range a t  en angle of attack of 0' by testing the 
model configuration without an end plate. A gap of about 1/16 inch was 
maintained between the wing root and the bzmrp surface, and a sponge- 
xiper 6-1 (fig. 5). vas fastened t o  the wing butt beneath the eurface 
of the bump t o  minimize leakage.  End-plate tares obtained in previous 
investigations were found t o  be constant with angle of attack, end the 
tares obtained at zero  angle of attack in  the present  investigation were 
applied t o   a l l  drag data. Bo end-plate-tare  corrections were applied 
t o  the lift, pitching Brit, and bending mment. Jet=boundary c m c -  
tions have not been evaluated  since  the boundary conditions t o  be satis- 
fled 'are not rigorously defined. H k v e r ,  ineemuch as the effective 
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flow field i s  large compared w i t h  the span and chord of the model, these 
corrections 8re believed t o  be amall. The basic data have not been 
corrected f o r  deflection under load; however, the lift-curve slopes of 
the w i n g s  having aspect ratios of 8 and 6 h a p  been corrected for 
deflection under load by conibining etatic-loading tes t   resu l t s  v i t h  
aerodynamic strip theory and the corrections are presented i n  table II. 
The corrections fo r  the wing  having an aspect ratio of 4 are negligible 
and no corrections have been applied. No attempt been t o  cor- 
rect  the aerodynamic-center positions for deflections under load since 
such corrections are so critically dependent upon both the epamdse and 
chordwise loadings w h i c h  are unlmam in the transonic range. An estimate 
based on potential 'flow indicates the msxlmum correction t o  be about 
7 percent of the mean aerodynamic chord. 

J 

The force and rumeat data are presented in figures 6, 7, end 8 and 
a summary of  the aemaynamic characteristics throughout the test Plksch 
mber range f~ ehown i n  f lgure  9. The slopes surmarieed in figure 9 
have been averaged  over the Lift-coefflclent range from approxb&ely 
-0.1 t o  +O. 1. The lift-curve elopee presented In figure 9 lave been 
corrected for deflection under load (see section entitled " A p p a r a t u s  
and Teste"). 

.I. 

Lift Characteristics 

The variation of the llft-curve slope (fig. 9) with Mach  number 
for a l l  three aspect  ratige is characterized by an extremely large loes 
of lif't-curve Slope i n  the Mach  number range fram about 0.85 to  about.  
1.00 due t o  shock s t a l l .  The *son f o r  the different type of lift- 
curve-slope variation of the wing having an aepect ra t to  of 8 below a 
Mach pzadber of 0.85 is not hm. Above a Mach nmber of 1.00 there ie 
a rapid recovery of lf'ft-curve elope up to a Mach dumber of abaut 1.08 
as  the shock move6 t o  the rear of the a i r f o i l  and above this Mach  nuniber 
the lift-curve slope remains essentially constant up t o  the highest EkPch 
number t e s t e d .  The slopes presented in  figure 9 are for the low-lift 
range and it will be noted i n  figures 6 t o  8 that in   t he  high-lift range 
the variation  of  lift-curve ~lape with &ch number is considerably lese. 
The experimental lift-curve 610pee a t  a Mach  number of 0.70 are c m p r e d  
with the theoretical values determined by the Weiseinger Ethod (refer- 
ence 3) i n  the following table: 

. 
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aeL 
bar 

- 
bar. act 
- x  1.08 a% 

A - 
(Theoretical) . (Experimmtal) (Theoretical) 

0 
. .065 6 

0.074 0.076 0.070 ' 

0065 .067 . . 062 4 
.072 .070 

It will be noted that the Weissinger valuee are ecmewbat lower than the 
experimental values for  al l   three  aspect  ratios.  However a comrpari'eon 
of some Weiseinger solutions with-some FalZmer' lifting-surface  solutions 
(references 4 and 5 )  indicates  that  for'the .sweep angle of these wings 
the Weieeinger solutione are probably  about 8 percent low. When the 
Weissinger values are  increased By 8.percenty the agre-nt  between the 
theory 'and experiment. is samewbat  better. 

" 

. .  - .  . 
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Although the accuracy of the bemling-mmmmt data, as reflected by 
the  point  scatter, is rather poor, it indicates a large inboard shift 
of lift around a. Mach nmber of 1.00 in the  low-lift-coefficient range 
(see figs. 6 t o  0) .  . " - t' 

D r a g  Characteristics . .  . .. _ .  "S I 

The variation of the drag coefficient a t  zero lift coefficient with 
Mach nuaiber for the  three engs tested is presented in figure 9.  At a 
mch .nmiber. of 0.70 all three wlngs have a drag coefficient of about 
0.009. All three wlngs have a rather gradual  drag riee s t a r t i n g  i n  the 
h c h  nuniber range from about 0.90 t o  0.95. ' T h e .  drag of the wing having 
an aspect  ratio of 8 levels off t o  a value of about 0,.036, whereas the 
wl s having aspect mtioi of, 6 &d 4'. level off- t o  a mlqe of about 

ratioe of 6 and 4 migh$ p.ee jb ly  .be .dye , t o  the fact  that, as  the aspect 
ra t io  d@creaees, the loss o f .  sweep effect over inboard region of *he 
w i n g  affect8.a  larger-percent of the wing. The rather unusual variation 
of drag cw,fficient with l i f t , coe f f i c i en t   a t  a Mach  number of 1.00 (see 
fig. 6 f o r  e m p l e ) .  Is due to'  the  large decreaee in lift-curve elope in . 

the low-lifi range at this Mach nuniber. 

0.0 Y 7. The inferior drag characterigtice of the win& havlng aspect 
. _  .. . . . -  

Pitching-Mcanent Characteristics . _. . . - %_. 

The variation of the aergdynemic c e d e r  w l t h  Mach nurdber f o r  all 
three aspect ratios in the lift-coefficient range of 50.10 is charac- 
te r i zed  by extremely large forward movements i h  the  Mach rimer range 
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from about 0.85 t o  abaut 1.00 (f ig. 9) . Above  a Wch nuPiber of 1 .OO 
there 1s a rapid rearward movement of the aerorl-c center fo r  a l l  
three aspect  ratios. The variation of the  aeroQnmic  center  with k z h  
number is, t o  a large extent, due t o  variations in the lateral center 
of pressure  with Mach  number. A l t h o u g h  the variation of the e r o d p a d c  
center with Mach number decreased 8s the aepect ratio was reduced, it i s  
rather large even for the wing having an aspect  ratio of 4. In the Zlksch 
nuniber range f m m  0.85 to I. 00 the aerodynamic center in the low-lift 
range of the wlng having an  aepect r a t i o  of 4 moved forward approxl- 
mately &6 percent of the mean aerodynamic chord, whereas the mvemnts 
fo r  the wings of  aepect ra t ios  6 and 8 were i n  excess  of 100 percent of 
the mean aerodynamic chord. In the Mach number range from about 0.95 t o  
about 1.05 the  variation of pitching-monent coefficient  with lift coef- 
f ic ient  i s  very nonlinear (figs. 6 t o  8), and  above a lift coefficient 
of about 0.10 the pitching-manent characterietic8,as a f'unction of k c h  
number are coneiderably better  especially  for the wing having an a s p c t  
ra t io  of 4. A l t h o u g h  the changes fn taper ra t io  could have smle effect, 
it i s  believed that  the reeults  presented  are due mainly to the change 
in aspect ratio.  

.The resulte of an investigation of tapered wings havlng aspect 
ratios 4, 6, and 8, quarter-chord l ines  swept 45O, and NACA 631AOU air- 
foil sections  indicate the following  conclusions: 

1. The variation of the lift-curve slope In the low-lift range with 
Mach number for a l l  three  aspect  ratios KBB characterized by an extremely 
large decrease in lift-curve dope in  the  Mach number range from about 
0.85 t o  abaut 1-00. 

2. A l l  three wings  had a rather graitua1,drag r i se  starting in the 
Mach number range from about 0.90 t o  about 0.95. 

3. The variation of the aerodynamic center with Mach number for  
' all three aspect ratios, and especially t h e  ving-having an aspect ratio 

of 8, 1s characterized i n  the low-lift range by extremely large forward 
movements i n  the Mach number range froan about 0.85 t o  1.00 followed by 
a rapid rearward movement. However,  above a lift coefficient of about 
0.10 the pitching-moment characteristics as a  function of Mach number 
are  considerably  better  especially for the wing having an aspect ra t io  
of 4. 

Langley  Aeronaut ice1 Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 4. - Variation of test Reynolds 
with 4To sweepback &nd WACA 
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Figure 6.- Aerodynamic charac te r i s t ics  of a 45O sweptback wing w i t h  aspect 
r a t i o  8, taper r a t i o  0.45, and NACA 63,AOl2 a i r fo i l .  
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Figure 7. - Aerodynamic characteristics of a 45O sweptback wing with aspect 
ratio 6, taper r a t i o  0.56, and NACA 631~12 a i r f o i l -  
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